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Sections of biologic tissue obtained from laboratory rodents are prepared and analyzed by
secondary ion mass spectrometry. The intensity of phosphocholine secondary ions is used to
identify anatomical features of the brain from secondary ion images and to evaluate the
effectiveness of procedures developed. Secondary ion emission of phosphocholine (m/z 184), is
found to be abundant and its intensity is heterogeneous. Effects of sample thickness are
addressed. Correspondence between conventional optical images of stained tissue and
secondary ion images shows that successive ion images may be used to produce a three-
dimensional map of the brain, i.e., an atlas. (J Am Soc Mass Spectrom 2000, 11,
191–199) © 2000 American Society for Mass Spectrometry
One goal of research in secondary ion massspectrometry (SIMS) is to map the distributionof targeted organic compounds in biological
tissue. Chemical distributions in living systems are
maintained by a variety of mechanisms that range from
simple osmotic pumping to maintain high K1/Na1
ratios within living cells to the complex interaction of
enzymes and hormones controlling the composition of
cell membranes. Upon the death of the organism, some
distributions, such as those of K1 and Na1 change
completely, while others are maintained indefinitely. In
fact, SIMS has been used to map the distribution of a
number of elements as they exist in living tissue.
Morrison et al., for example, have shown that with
careful sample preparation, SIMS can provide accurate
and biologically sensible measurement of the mobile
ionic species, e.g., Na1, K1, Ca1, etc. [1]. SIMS has also
been used to measure the distribution of less mobile
elements such as I2, for which correspondingly less
rigorous sample preparation methods yield biologically
sensible results, and which compare favorably with
autoradiographic imaging [2]. Even more recently,
SIMS has been used to produce biologically sensible
images of organic secondary ion emission both from
individual cells and from tissue samples [3–5].
Features of chemical heterogeneity are evident via a
wide variety of analytical imaging methods, such as
optical and electron microscopy. Compared to these
methods, SIMS has the advantage of combining imag-
ing faculties of the microprobe [6] with the capability
for chemical analysis by mass spectrometry, and tan-
dem mass spectrometry (MS/MS) [7, 8]. While it is
quite possible to observe the anatomical distribution of
neurons in a brain tissue sample with a conventional
microscope [9], it is impossible to identify the chemical
composition of particular features. On the other hand,
by a variety of biochemical methods, including homog-
enization, centrifugation, extraction, chemical deriviti-
zation, and chromatography, it is quite possible to
determine the chemical composition of a tissue sample
[10] by methods that include mass spectrometry. Such
chemical analysis, however, comes at the expense of
losing all knowledge of the distribution of particular
constituents in the living organism. Of course, micros-
copy and biochemical analysis are not mutually exclu-
sive; traditionally they have been tied together by
staining techniques and performed independently. The
unique potential of SIMS lies in the fact that both
imaging and chemical analysis can be performed in a
single experiment.
Combination of analysis and mapping is more than
convenience. Altered chemical distributions in living
tissue can be indicators of pathology. For example,
there is evidence that the distribution of phospholipids
in the brain established during development [11] is
subtly altered by diseases such as alcoholism [12],
stroke [13], and Alzheimer’s disease [14]. Current meth-
ods of identifying altered lipid distributions involve
surgical removal of small brain specimens followed by
classical lipid analysis. Sample harvesting like this is a
three-dimensional surgical problem, leading to a fair
amount of uncertainty because of differences among
individual animals and individual surgeons. Moreover,
change in composition at the sites of small lesions may
not be evident. In contrast, the imaging capability and
unique sensitivity of SIMS offer better spatial resolution
for any class of compounds which yield secondary ions.
Flat sections of brain tissue can be prepared mechani-
cally with a precise microtome so that the 2D spatial
resolution is determined by the focus of the primary ion
beam [15]. The thickness of each section is the limiting
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factor in the third (depth) dimension, and can range
from 1 mm to several mm. By combining the microprobe
with an MS/MS spectrometer, unknown substances can
be identified and mapped directly from tissue samples
[16].
Evaluation of sample preparation methods is crucial
to development of SIMS as a method for organic anal-
ysis of tissue. Accordingly, we describe sample prepa-
ration and handling of tissue sections for mapping
phosphatidylcholine, a principal constituent of plasma
membrane [11]. The secondary ion associated with
phosphatidylcholine, phosphocholine, m/z 184, is ubiq-
uitous and generally intense. This ion arises from the
phosphatidylcholine head group, a fact previously
demonstrated by using SIMS and MS/MS [16]. The
ubiquity of m/z 184 emission from biologic tissue is
consistent with the ubiquity of phosphatidylcholine.
We presume the distribution of phosphatidylcholine to
be fixed by the membranes it is a part of, a property
which simplifies sample preparation considerably, and
is readily verified by optical images of stained tissue
sections.
A series of secondary ion images based upon m/z 184
and obtained from successive sections of animal could,
in principle, be used to produce a secondary ion atlas. A
tissue section atlas is an indexed collection of images of
stained tissue sections [17]. Such atlases (based upon
optical images) are widely used for anatomical and
physiological reference. For example, physiological
changes, such as induced by normal development or by
pathology such as stroke or Alzheimer’s disease, are
evident by comparison of images from a sample section
and the corresponding section from a reference atlas.
An atlas based on m/z 184 secondary ion emission
would serve a purpose similar to optical atlases in
mapping of brain constituents by using SIMS. For
example, any number of drugs, toxins, and/or their
metabolites are known to localize in various regions of
the brain, based upon radiography experiments [18].
SIMS, however, especially in combination with MS/MS,
makes it not only possible to map the distributions of
such compounds, but also to distinguish them from
their metabolites and other similar compounds. Maps
based upon m/z 184 would permit unequivocal location.
In addition, such an atlas demonstrates per force that
secondary ion images reflect a physiologically and
anatomically valid description of biologic tissue. In this
report, we show that construction of such a secondary
ion atlas can be done.
Experimental
Secondary Ion Mass Spectrometer
The mass spectrometer/microprobe has been described
in detail elsewhere [19]. The 10 keV Cs1 primary beam
can be focused to a spot size of about 100 mm diameter,
with a raster area of about 1.2 cm 3 1.2 cm. Samples are
loaded onto targets consisting of 1.5-mm thick copper
plates, 1.6 cm 3 7.8 cm, which can hold up to four
samples 1 cm. diameter at positions indexed to the
sample introduction/vacuum lock system of the micro-
probe. The secondary ion source has been specially
designed for large samples; the ion optics of the sec-
ondary ion source are adjusted by computer for each of
40,000 locations on the target that are bombarded by the
primary ion beam to produce an image. Secondary ions
extracted by the source are transmitted through the
triple quadrupole MS/MS spectrometer, and detected
by conversion dynode/continuous dynode electron
multiplier. Images are recorded as ion intensity/pixel,
and presented on a computer monitor using a scheme
in which white represents the most intense current/
pixel, and black the least intense. For the purpose of
presentation and transmission, image data files are
converted to standard image file formats, e.g., *.tif.
Except where noted, charge compensation [20] is
used because tissue samples are often insulators [21].
As described previously, the method employs continu-
ous emission of a 5–10 eV electron beam in a ribbon that
traverses the sample in the absence of the secondary
extraction field. The primary ion and extraction optics
are alternately turned on and off to permit the electron
beam to traverse the sample surface, and electrons to be
attracted to any point on the surface that has built up a
charge. Unless otherwise specified, pertinent opera-
tional parameters of the system used for the results
presented here are described in Table 1. All data pre-
sented here reflect results obtained under strict static
SIMS conditions, that is, low primary ion dose.
Rodent Surgery and Tissue Preparation
One adult male rat (Fisher), kindly provided by Kath-
leen Ambrose (ORNL), and one adult mouse, kindly
provided by Virginia Godfrey (ORNL), were asphyxi-
ated in an anesthesia beaker using Metofane (methoxy-
fluran) for approximately 10 min, in accordance with
Table 1. Instrumental parameters for SIMS/MS microprobe
Parameter Value
Primary ion species Cs1
Primary ion kinetic energy 10.0 keV
Primary ion current 0.10–1.8 nA
Primary ion spot diameter 50–100 mm
Primary ion current density 2.5–18 mA/cm2
Primary ion dose per image (0.2–1.5) 3 1012 ions/cm2
Primary ion dose/mass spectrum 0.5–3.5 3 1014 ions/cm2
Primary ion duty cycle 3.5 ms/4.5 ms
Raster size 1 cm 3 1 cm
Image acquisition time 180 s
Electron flood gun current 200 mA
Secondary ion energy 10 eV
Conversion dynode potential 1.2 kV
Multiplier potential 22.1 kV
Data acquisition rate 50 kHz
Data points per pixel 128
Pixel size 50 mm
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the NIH Guide For The Care And Use Of Laboratory
Animals [22]. The animal was then removed from the
beaker and intracardially perfused with buffered saline
(pH 7.3) followed by 2% formalin (pH 7.3). Afterwards,
the skulls of the rat and mouse were opened and the
brains removed and placed in a beaker containing 2%
formalin solution. The hemispheres of the rat brain
were then separated along the brain midline and later
sectioned coronally (10–50 mm) in 2% formalin using a
Series 1000 Vibratome Sectioning System. The brain
hemispheres of the mouse were not separated, but
sectioned whole (10–50 mm) coronally.
Specimen Harvesting and Mounting
The field of view of the microprobe we use is ideal for
imaging a number of organs from adult mice, and can
accommodate portions of organs for rats. Specimens
used to obtain the results presented here were obtained
from excess control animals, which had not been sub-
jected to any known stresses. The animals were anes-
thetized and exsanguinated using standard methods,
with a 2% formalin solution used for perfusion. Other
perfusion solutions can be used, but formalin fixes
peptides within the tissue, and preserves the tissue
from enzymatic and bacterial decomposition. Further-
more, formalin perfusion causes the organs to stiffen.
Tissue section thickness can be more readily controlled
if the specimen is stiffened.
A variety of methods exist for harvesting thin sec-
tions from organs, usually involving some sort of mic-
rotome. We employ a Vibrotome, a relatively inexpen-
sive device that is easy to use. The cutting device of this
instrument consists essentially of a razor blade which
vibrates along the axis of the blade edge, i.e., its cutting
action is much like that of a saw with microscopic
displacement [9]. Samples to be sectioned are sus-
pended in some aqueous medium, in the case at hand,
2% formalin. Fluid friction with the medium holds the
surfaces of the sample and section against the force of
the vibrating blade, preventing chatter marks on the
surface of the section. After sections are severed from
the tissue specimen, they are left suspended in the
medium and can be readily mounted onto the surface of
a slide or flat metal target. Tissue components soluble in
the cutting medium and not confined by membrane are
washed away during specimen preparation. This in-
cludes all soluble components on the surface of the
section prepared using the Vibrotome. The remaining
material is cell membrane itself, and thus the chemical
precursors of any secondary ions are mainly constitu-
ents of cell membrane.
Substrate Preparation
The sample surface is an integral part of the ion optics
of the secondary ion mass spectrometer/microprobe.
For example, an electrostatic immersion field used to
extract secondary ions is bounded by the sample sur-
face. As a consequence, design of ion microprobes
generally includes the requirement that the sample
surface be smooth, flat, and conducting. Ionic and
electronic currents are involved in generation of sec-
ondary ion images, and electrical conductivity requires
intimate contact between the tissue specimen and the
metal target. In addition, the field of view of our
instrument (;1.5 cm diameter) is so large that special
effort is required to insure uniform contact between
specimen and metal target. When an entire specimen is
to be analyzed over a large field of view, the entire
sample must adhere to the sample stage in a consistent
way. Tissue samples, however, shrink upon drying.
This creates tension between the metal surface of the
target and the tissue. If the tension is sufficient, the
periphery of the specimen will part from the target. An
example of this phenomenon is shown in Figure 1a, a
video image, where the top of the section appears to
part from the target, and near the central hole in the
specimen, where the section has parted.
Figure 1. Video images of tissue sections mounted (a) on bare Cu
and (b) on “subbed” copper targets demonstrate the importance of
the gelatin substrate toward reproducibility of data. Curling of the
edges at the perimeter of the unsubbed sample can distort the
secondary ion image because the sample is not flat. Note also that
the section on the bare Cu has parted in the vicinity of the central
hole.
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The metal surface of the target can be coated with a
film of gelatin prior to mounting the specimen, a
process known as “subbing” in the jargon of histology.
This was accomplished as follows. Copper slides were
thoroughly cleaned and polished using a Scotch-brite
(3M) fine pad and then washed with 0.1 M HCl fol-
lowed with 100% ethanol. Under low heat 1 g of cell
culture medium (Sigma) and 0.1 g of chromium potas-
sium sulfate (Sigma) were dissolved into 1 L of distilled
water and the solution was then filtered to create a
gelatin solution. Polished copper slides were placed
into glass slide staining boats and soaked in soapy hot
water for approximately 15 min. Slides were then
washed first in cold tap water and then in distilled
water three times for a period of 1 min each and placed
in an oven to dry. After drying, slides were allowed to
cool to room temperature and then dipped 3–4 times
into the gelatin solution, drained, and placed back into
the oven for approximately 12 h. Slides were then
removed from the oven, cooled to room temperature,
and transferred to dust-free boxes. Brain sections were
mounted from 2% formalin onto the subbed slides and
allowed to air dry at room temperature. Alternate
reference sections were mounted onto gelatin-coated
glass slides and later stained using cresyl violet which
stains brain cells.
The effect of the gelatin layer is to improve adhesion
of the tissue sample, and to distribute forces induced by
the tissue sample as it shrinks in drying. Consequently,
as shown in Figure 1b, the tissue sample is bound
tightly to the target, and the edges of the sample do not
curl. This method of sample mounting does not appear
to affect significantly the actual secondary ion yields,
and in fact, we have obtained many images from tissue
simply mounted on bare metal targets. The advantage
of preparing gelatin coated targets is rather an improve-
ment in reproducibility in imaging replicate samples.
For the purposes of this paper, only results obtained
from tissue samples mounted on subbed metal targets
are discussed. The gelatin itself displays an unremark-
able static SIMS spectrum in the mass range 25–225, as
evidenced by Figure 2. The pronounced m/z 133, attrib-
utable to the primary Cs1 beam, dwarfs minor peaks at
m/z 55, 63, 65, and 152. Moreover, m/z 63 and 65 arise
from the copper target. This type of spectrum is com-
mon from samples that display weak secondary ion
emission. The gelatin provides little background emis-
sion which is practically nonexistent in the region about
m/z 184, simplifying analysis for phosphocholine sec-
ondary ions. Even if some mixing occurs between
gelatin and wet tissue as it is deposited onto the surface,
the contamination will not affect measured distribu-
tions of secondary m/z 184 emission.
Results
Under conditions of static SIMS, the most abundant
secondary ions emitted from mammalian tissue sam-
ples are m/z 184 and 86. The relative abundance of these
ions is evident in two SIMS spectra shown in Figure 3a,
b, which were obtained from mouse cerebral cortex and
corpus callosum. As we discuss below, the surfaces of
these two anatomical features of the brain are known to
differ significantly in their lipid content, specifically the
content of phosphatidylcholine. Whether differences in
Figure 2. SIMS spectrum of gelatin is dwarfed by m/z 133, from
the Cs1 primary ion beam. Absence of detectable emission at m/z
184 indicates that use of a gelatin substrate will not interfere with
detection of phosphocholine secondary ions emitted from tissue.
Figure 3. SIMS spectra taken from (a) an area of the neocortex
and (b) the corpus callosum. The cerebral cortex, a cell-rich region
of the brain, has much greater peak intensity than does the corpus
callosum, an axon track.
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relative abundances of m/z 184 and 86 evident in the
two spectra are a result of a higher level of phosphati-
dylcholine in the cerebral cortex, a result of a higher
level of cholesterol in the corpus callosum, i.e., a matrix
effect, or an artifact of sample preparation, is not clear.
However, the spectra are consistent with what is known
about the distribution of phosphatidylcholine: the lipid
is ubiquitous in the brain, and its characteristic second-
ary ion is similarly ubiquitous.
Mapping a surface is different from obtaining a
spectrum from a single point in a number of fundamen-
tal ways. For mapping the distribution of m/z 184, the
question is whether the secondary ion yield of m/z 184
varies from point to point on the sample. Secondary ion
yield, in the lexicon of SIMS, is the ratio of secondary
ion current to primary ion current. From the perspective
of the sample, secondary ion yield can be affected by
analyte concentration, matrix effects, and sample prep-
aration. Sample preparation can be rigorously con-
trolled, but determining the appropriate conditions is a
matter of trial and error.
For example, the Vibrotome can routinely yield
sections as thin as 20 mm, with a precision of about 10
mm. Generally, thicker sections are easier to prepare,
transfer, and mount because tissue sections are fragile.
On the other hand, sections shrink upon drying, and
can crack. This effect is aggravated by increased thick-
ness. Other problems can arise as well. Upon drying,
sections of muscle tissue typically show striations in
both optical and ion images, an effect well known in
histology [23]. In Figure 4a and b, secondary ion images
obtained from two rat heart sections of 20 and 50 mm,
respectively, show the effects of thickness. Striations are
clearly evident in the image of the thicker sample,
indicating surface topography has been altered by sam-
ple drying. Secondary ion images obtained from the
thinner 20 mm sections appear smooth, consistent with
the presumably homogeneous distribution of phos-
Figure 4. Secondary ion (m/z 184) images obtained from (a) 20 mm and (b) 50 mm thick sections of
rat heart tissue. The grayscale images use white and black as maximum and minimum relative
intensity, respectively, a convention used throughout the paper. Striations are caused when the
sample shrinks as it dries, a well-known effect in the histology of muscle tissue. Emission from the
thinner sample is apparently less susceptible to the effect, indicating that the depth of ridges caused
by shrinking is less than the depth of field of the microprobe. Evidence of striations is not apparent
in the secondary ion images from tangential cuts of brain, cut at 20 and 50 mm thick in (c) and (d),
respectively.
195J Am Soc Mass Spectrom 2000, 11, 191–199 SECONDARY ION IMAGES OF THE RODENT BRAIN
phatidylcholine in heart tissue. To test whether sample
thickness causes a striated appearance in brain tissue,
20 and 50 mm rat brain sections were used to create the
images shown in Figure 4c and d. These sections were
cut in such a way that the sections are known to be
homogeneous. Images of these sections show no evi-
dence of striations, and indeed no morphology. Optical
images of stained sections show a similar lack of
morphology. At least with brain sections, it appears that
sample thickness has a modest, if any, effect on second-
ary ion images.
The precision and size of the Vibrotome makes it
possible to create successive sections every 20 mm. A
description of each of 500 or so sections that would
comprise an atlas would be voluminous and highly
repetitious. For the sake of brevity, we limit discussion
to only a few representative sections. A sketch of the top
and side of the mouse brain is illustrated in Figure 5.
Lines indicated as a–b, c–d, and e–f, indicate the
approximate planes where coronally cut sections were
obtained. Optical and secondary ion images of these
sections are shown in Figure 6. Cresyl violet stain was
used for optical images of brain sections because they
are transparent without stain.
Compared to the images shown in Figure 4c, d, m/z
184 emission from coronally cut sections shown in
Figure 6 appears heterogeneous. Evidently, secondary
ion emission is more intense from anatomical features
that are also readily stained. That is, the ion image is the
complement (or “negative” in the parlance of photog-
raphy) of the optical image. For example, the corpus
callosum indicated in Figure 6a appears as a weak gray
in the optical image of Figure 6a, but as a dark band in
the ion image of Figure 6b. Comparison of optical
Figure 6a, c, and e and the corresponding ion images,
Figure 6b, d, e, respectively, shows that the contrast in
the ion images is substantially less than that observed in
optical images. Image contrast reflects the magnitude of
the difference between the most abundant signal emit-
ted from a spot on the sample, and the least abundant
signal emitted from another spot. As should be evident
from the spectra of Figure 3, phosphocholine secondary
ions are emitted from virtually all regions of the brain to
a greater or lesser extent, consistent with the ubiquity of
phosphatidylcholine. The optical images reflect the dis-
tribution of cresyl violet, which binds to membrane
proteins, and is certainly not ubiquitous. Nonetheless,
anatomical features evident and identified in optical
images, are also evident in corresponding secondary
ion images.
A definitive description of the brain is well beyond
the scope of this report. Briefly, however, various
anatomical features of the brain are comprised princi-
pally of either neurons or axons. Neurons are nerve cell
bodies. Axons are long projections which extend from a
cell body in one brain region to other regions of the
brain. The interconnection between different brain re-
gions by cell axons allows for communication between
different areas. During development, axons extending
from one area of the brain, say cerebral cortex, become
covered with a sheath of myelin [24].
The correlation between heavy staining and intense
emission of m/z 184 is more than coincidence. Cresyl
violet is a conventionally used stain which is known to
bind with organelles associated with neurons (and
other cells) but not to axons. The composition of the
plasma membrane of most cells is known to be predom-
inantly phosphatidylcholine, a known source of abun-
dant m/z 184. Myelin sheathing around axons is known
to contain approximately 20% less phosphatidylcholine
than does cell membrane [10]. Moreover, the principal
lipid in myelin is known to be cholesterol, from which
emission of m/z 184 is not observed. Consequently,
myelinated regions of the brain should yield less m/z
184 than do regions comprised mainly of neurons.
Difference in secondary ion emission from these two
types of brain material gives rise to the contrast evident
in the images shown in Figures 6b, d, f. This feature is
consistent throughout the brain. For example, sections
cut through a region of the cerebral cortex and caudate/
putamen are illustrated in Figure 6a, b. Cerebral cortex
is the six-layered structure which comprises the outer-
most area of the two hemispheres of the brain [25]. The
caudate/putamen region is associated with various
somatic motor functions and has been a central area of
study for disorders such as Parkinsonism [26]. The
nonuniform distribution of cells and cell axons within
the caudate/putamen is a classic feature of this region
of the brain. This alternating distribution of cells and
cell axons gives the caudate/putamen its well known
“striated” appearance [27]. That is, the caudate/puta-
Figure 5. Drawings of the mouse brain as viewed from the top
and side. Lines numbered 5a-b through 5e-f are locations where
coronally cut sections (50 mm) were taken for analysis by SIMS.
Alternate sections were stained with cresyl violet as reference.
A—anterior, P—posterior.
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men region appears speckled. The corpus callosum, the
large fiber track, is composed of myelinated and unmy-
elinated axons.
Toward more posterior areas of the brain, different
brain anatomy becomes evident as is seen in Figure 6c,
d. The hippocampus and thalamus are apparent by
their abundant emission of m/z 184. The hippocampus is
a large complex part of the brain associated with
various characteristics of learning and memory [27].
The hippocampus appears as a “snail-shaped” structure
in both cresyl violet stained and m/z 184 ion images. The
thalamus, marked by a high density of neurons, is
Figure 6. Optical image of a coronal sections stained for cresyl violet (a, c, e) and alternate sections
imaged for secondary ion emission of m/z 184 (b, d, f). All sections are from adult mouse brain cut at
50 mm. These examples were harvested approximately at the sites indicated in Figure 5. Cbc cerebral
cortex; CP caudate/putamen; CC corpus callosum; Hip hippocampus; TH thalamus; Pg periaqueduc-
tal grey.
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involved with somatosensory and motor function and
auditory and visual response [28]. The secondary ion
image indicates high emission from cell-rich regions of
the cerebral cortex, hippocampus, and thalamus. As
indicated, axon-rich regions like the corpus callosum
emit few m/z 184 secondary ions and appear dark.
About 75% toward the posterior the brain, regions
typical of the brainstem of the central nervous system
become apparent, as illustrated in the cresyl violet
stained image and m/z 184 ion image in Figure 6e, f. As
illustrated in Figure 6f, the contrast in m/z 184 ion
emission is dramatic between cell-rich versus axon-rich
regions. The periaqueductal grey is evident as a bright
emitter of m/z 184. The periaqueductal grey is com-
posed of a number of cell-rich regions which are in-
volved in hormone secretion [28].
Differences in secondary ion emission may arise for
any of three reasons: (1) sample surface topography, (2)
concentration of a particular ion species, and (3) matrix
effect. For example, striations evident in muscle tissue
are artifacts of sample preparation. The possibility
exists that as a result of sample preparation, the surface
of some regions of the brain might “sink” upon drying,
and thus present a depressed surface to the primary ion
beam, leading to topographically suppressed emission.
To evaluate this possibility, a portion of corpus callo-
sum was removed from both mouse and rat brain and
mounted onto copper slides and air dried. The corpus
callosum displays weak m/z 184 emission. The un-
stained preparation in Figure 7a is an optical image of
the corpus callosum and some surrounding tissue. Even
in the absence of surrounding tissue, emission from the
corpus callosum is minimal, as is evident in Figure 7b.
This suggests that the reduced secondary ion yield of
m/z 184 from the corpus callosum is not an artifact of
topography. Rather, there is a real difference in surface
membrane chemical structure and with that, differences
in secondary ion emission.
To summarize, secondary ion yield of m/z 184 is
found to be heterogeneous in spatial distribution and
can be used to identify different parts of the brain.
Because the phosphatidylcholine source of m/z 184 is
immobile and the ion is ubiquitous, a secondary ion
image based upon m/z 184 can be used as a reference for
mapping the distribution of other analytes whose dis-
tribution may be less certain.
Conclusions
Practically since Benninghoven’s report that static SIMS
could be used to identify organic compounds [29], one
of the goals of the SIMS community has been to create
maps of the distribution of organic compounds in tissue
[30]. To that end, a number of sophisticated instruments
have been constructed. Given that these instruments
perform as designed, to make them effective for imag-
ing organic compounds in tissue, it is necessary that the
samples cooperate. By cooperation, we mean that tar-
geted analytes must yield characteristic secondary ion
regardless of however samples are prepared. Further-
more, secondary ion emission must reflect the distribu-
tion of the analyte, and the results obtained must be
consistent with known physiology.
The method we have described in this paper meets
these conditions. This does not imply that the methods
described here are unique. On the contrary, other
methods are certainly more appropriate for other ana-
lytes, such as those not inherently fixed by the structure
of the sample itself. The images and spectra reported
here are, however, rational and consistent with known
physiology. Phosphatidylcholine is one of the most
abundant lipids in tissue, and moreover, generally
occupies the position of the outer lipid of cell mem-
branes. In the context of animal tissue sections, this
means that the surface exposed to the primary ion beam
is rich in phosphatidylcholine. The m/z 184 ion is the
most abundant and ubiquitous secondary ion in spectra
from these tissue samples. Tandem mass spectrometry
has confirmed that this ion has the structure of phos-
phocholine, and is derived from phosphatidylcholine
[16]. The ubiquity and abundance of m/z 184 is thus
consistent with known physiology. These features make
phosphocholine secondary ion emission a good candi-
date as a reference for the intensity of secondary ion
emission from other, less common analytes.
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Figure 7. Optical image (a) and secondary ion image (b) of an
unstained fiber tract region dissected from the surrounding tissue
of a coronal-cut section from adult mouse. Little secondary ion
emission is observed from this region, consistent with what is seen
in intact tissue sections. CC corpus callosum.
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